Objective: Extensive marketing of 'toddler milks' (sugar-sweetened milk-based drinks for toddlers) promotes unsubstantiated product benefits and raises concerns about consumption by young children. The present study documents trends in US toddler milk sales and assesses relationships with brand and category marketing. Design: We report annual US toddler milk and infant formula sales and marketing from 2006 to 2015. Sales response models estimate associations between marketing (television advertising spending, product price, number of retail displays) and volume sales of toddler milks by brand and category.
not consume any added sugar. Serving them may also contribute to conditioned preferences for sweet drinks over plain drinks, including plain milk, and less-sweet foods (8) . In addition, toddler milks typically use similar labelling as infant formulas (9, 10) , which results in consumer confusion and can lead caregivers to inappropriately serve these products to infants under 12 months old (11, 12) . Furthermore, toddler milk packages contain numerous nutrition-related and child development claims, such as 'DHA and iron to help support brain development' and 'probiotics to help support digestive health', which have not been supported by scientific research (9) . These claims may mislead caregivers to believe that toddler milk provides benefits for their child's nutrition and development.
In 2016, the World Health Assembly passed Resolution 69·9 to include toddler milk products (known as 'growingup milks' outside the USA) in its definition of breast-milk substitutes (BMS) under the WHO's International Code of Marketing of Breast-milk Substitutes (hereafter, 'the Code'), which calls on countries to enact regulations to prohibit all marketing of BMS directly to consumers (10) . As a result, 16 % of countries that regulate BMS marketing explicitly ban marketing of toddler milks (13) . Of note, the USA is one of just 30 % of countries that have not adopted any provisions of the Code and allow direct-to-consumer marketing of infant formulas. Furthermore, US formula manufacturers have substantially increased their investment in toddler milk marketing. In 2015, they spent approximately $US 17 million to advertise toddler milks, compared with less than $US 10 million on infant formula advertising. From 2011 to 2015, toddler milk advertising increased by 74 %, whereas infant formula advertising declined by 68 % (7) .
Despite concerns about marketing of sweetened toddler milks to young children, few studies have examined sales and consumption of toddler milks in the USA or how marketing may influence caregivers' purchases of these products. One analysis of international formula sales data found that US consumption of toddler formula was 5·0 kg per toddler (13-36 months) (14) . However, publicly available sales data do not break out toddler milks when reporting infant formula sales. Furthermore, analyses of public nutrition data sets (e.g. National Health and Nutrition Examination Survey (NHANES); Feeding Infants and Toddlers Study (FITS)) have not tracked separately or reported consumption of toddler milks by infants or toddlers.
To help inform public health efforts to improve toddlers' diets and reduce sugar-sweetened beverage consumption, the present study documents trends in US toddler milk sales from 2006 to 2015, compares them with sales of infant formulas offered by the same manufacturers, and examines the relationship between marketing practices (including advertising, retail displays and price) and volume sales for individual toddler milk brands and the total category.
Methods
Researchers utilized Nielsen data to assess toddler milk and infant formula sales and advertising trends over the 10-year period. Regression models estimated relationships between marketing practices and toddler milk sales.
Sales and advertising data
Nielsen US retail scanner data provided weekly volume and dollar sales and in-store displays at the individual store level for toddler milk and infant formula products for the period 2006-2015. Researchers also licensed weekly national advertising spending data from Nielsen for the same period. Researchers utilized the brand and brand variant provided by Nielsen in the 'Baby Milk and Milk Flavoring' product category in its retail scanner data and the 'Infant Formula' and 'Milk' categories in its advertising data to identify infant formula and toddler milk products. Table 1 shows the products categorized as 'infant formula' and 'toddler milk' by brand in the two data sets.
The sales data include weekly store-level sales for every Universal Product Code (UPC) sold at each store location in the system. The Nielsen database includes more than ninety participating retail chains, including supermarkets, convenience stores, drug stores, liquor stores and mass merchandisers across all US markets, totalling approximately 35 000 stores (15) . Weekly UPC sales-by-store are reported by the number of units sold (count) and price of the unit ($US/count). In addition to brand and brand variant, each UPC provides product attributes, such as form (powder, concentrate and ready-to-feed), number of goods in a unit (e.g. six-pack of cans) and size of the individual good (e.g. ounces per can). The data set also includes information about weekly promotions for individual UPC collected from a representative sample of retailers, including retail displays in a secondary selling space (i.e. not the shelf where the product is usually stocked). Retailer location, including state and county, is also provided. Using this information, weekly volume sales (ounces; 1 oz = 28·3495 g) and dollar sales ($US) were calculated for each UPC in the analysis. Products excluded from analysis included liquid concentrate and ready-to-feed products (due to difficulty of comparison with powder products) and various products where the UPC did not specify a package size. These exclusions represented 3 % of toddler milk dollar sales. Private-label store brands were also excluded as their UPC did not provide enough information to specify the product category (i.e. infant formula or toddler milk). In total, private-label brands represent 5 % of all dollar sales in the combined 'formula' category.
Nielsen also provides total weekly advertising spending in seventeen different media, including national (network, cable and syndicated) and local (spot) television (TV), Spanish-language TV, Internet, radio, magazines, newspapers, free-standing insert coupons and outdoor advertising.
For each infant formula and toddler milk brand and brand variant identified, researchers calculated total weekly advertising spending in all seventeen measured media, as well as total weekly TV advertising spending (including national, local and Spanish-language TV) and advertising spending in all other media.
Data aggregation for trends analysis
Researchers aggregated total weekly UPC-level data to provide annual US volume (ounces) and dollar sales ($US) and retail displays (number) for the infant formula and toddler milk categories. Total price per ounce was calculated by dividing annual total dollar sales by volume sales for each category. Weekly advertising spending data were also aggregated to calculate annual total advertising spending, TV advertising spending and other advertising spending for the infant formula and toddler milk categories.
Modelling the relationship between product sales and marketing practices
Sales response models examined the relationship between marketing and toddler milk volume sales at the brand and total category levels (16) . The dependent variables were monthly county-brand-level volume sales for the brandlevel model and monthly county-category-level volume sales for all toddler milk products combined for the category model. Monthly county-brand-level and countycategory-level volume sales were calculated by aggregating weekly store-UPC-level volume sales by month, brand and county (V ijt , volume sales of brand j at county i in month t) and by month and county for all brands combined (V it , volume sales at county i in month t).
Marketing practices examined included price per ounce, retail displays and TV advertising spending (representing 73 % of total advertising spending over the entire period).
The brand-level model included average unit price for the brand (p ijt , own price) and average unit price for other brands' products (cp ijt , competitors' price), calculated by dividing dollar sales by volume sales for each brand in every county (price/oz). Price per ounce (p it , average price) for the category model was calculated by dividing total dollar sales by volume sales for each county. Weekly store-level retail display counts by UPC were also aggregated by month, brand and county (dp ijt ), and by month and county (dp it ).
TV advertising spending (×10 3 $US) was included at the national level. Weekly TV advertising spending was aggregated by brand and month (ad jt ) and in total by month (ad t ) for the category model to assess relationships with current sales. To measure the lagged effect of current advertising on future product sales, we also included a measure of advertising goodwill stock developed by Dubé and colleagues (17) . This approach calculates goodwill as a distributed lag of a non-linear transformation of advertising spending. In the present models, a log transformation of TV advertising spending with a 0·7 monthly depreciation from month t -11 to month t was calculated for the advertising goodwill variables (gw jt and gw t ).
The regressions controlled for county-level demographics that could also explain toddler milk sales, including county-level percentage of the adult population with a bachelor or higher degree (edu it ) and the population of 12-to 36-month-old children (pop it ) for each study period year (18) . To account for potential spillover effects of the infant formula brands supplied by the Special Supplemental Nutrition Program for Woman, Infants, and Children (WIC) on toddler milk sales for the same brands, the brand-level model included a WIC brand dummy wic ijt , which is 1 if brand i was a WIC brand at county j in month t. WIC spillover effects describe the increase in sales of a manufacturer's products, beyond sales through WIC, in states where the manufacturer provides the state's WIC infant formula products (19) . Spillover effects are hypothesized to occur due to increased shelf space in retailers for WIC brand products, perceived endorsement of the brand by WIC and brand loyalty by WIC participants. These spillover effects have been previously demonstrated with infant formula sales, but they have not been examined with toddler milk sales (19) . The final volume sales regression model equations are as follows.
Brand-level model:
Category model:
Finally, to control for unobservable factors across brands and counties or unobservable changes over time in the panel data, we ran the model with fixed effects using the statistical software package Stata MP version 15.
Results
The final sample included 117·4 million UPC offered by seven infant formula and eight toddler milk brands, including five brands with products in both categories (see Table 1 ). . Figure 2 presents trends in advertising spending for toddler milks and infant formulas during the same time. Similar to volume sales trends, total advertising spending on toddler milks increased dramatically from 2006 to 2015, from less than $US 5 million annually in 2006-2008 to more than $US 20 million in 2013-2015. For the four years from 2012 to 2015, TV advertising represented nearly all advertising spending by toddler milk brands. These brands spent less than $US 1 million in total on non-TV advertising (including $US 0·7 million on magazine and $US 0·1 million on Internet advertising) during these four years, compared with $US 76 million spent on TV advertising. For infant formula brands, both TV and non-TV advertising peaked in 2010 and then declined. From 2013 to 2015, manufacturers spent more to advertise toddler milks on TV than spent on infant formula TV advertising. Table 2 reports summary statistics for all variables in the models. The final sample included 2121 US counties for 120 months. A Hausman test confirmed use of a fixedeffects model (P < 0·001). Table 3 shows the final model estimation results, including standardized β coefficients. Most marketing variables showed the expected relationship with volume sales in the model predicting county-level brand sales. In the brand model, brands' own price was negatively correlated with sales (i.e. a lower price predicted higher sales), although there was not a significant relationship with competitors' prices. Goodwill stock of TV advertising (i.e. cumulative advertising spending) also had a significant positive association with toddler milk brand volume sales. However, after controlling for all other factors, brands' current TV advertising spending was not significantly related to their volume sales in the same month. The number of retail displays was also positively associated with brand volume sales. In addition, countybrand-level volume sales were higher for the toddler milk brand with the state WIC infant formula contract than for other brands, after controlling for all other factors in the model. In the category model, all marketing variables, including current TV advertising spending, were associated with volume sales in the expected directions.
Sales and marketing trends by product category

Sales response models
As expected, county toddler population (children 12-36 months) was also a significant predictor of volume sales in both the brand-level and category models. In addition, education was positively associated with volume sales, such that toddler milk sales were higher in counties with a higher proportion of college-educated individuals.
Discussion
These data confirm that US toddler milk sales are growing rapidly, as evidenced by a more than doubling of sales over the 10-year period examined. Furthermore, these data demonstrate that manufacturers' marketing practices have likely contributed to this increase, including through current price reductions and retail displays and longer-term influences of TV advertising. These relationships were significant in both the brand-level and the category models, which suggests that the marketing may increase consumer demand for toddler milks in total, and not just selection of one brand over another. It is also interesting that toddler milk sales were higher for brands that had the state WIC infant formula contract for the county. This finding indicates a potential WIC spillover effect on sales of toddler milks, in addition to the effect on infant formula sales that has been demonstrated in previous research (19) .
During the same time period, advertising and sales of infant formulas declined, while price per ounce increased. The decline in infant formula advertising and sales represents a positive development for public health and may reflect public health efforts in the USA to promote breast-feeding (20) and accompanying increases in breastfeeding rates (21) . However, it also indicates that manufacturers may be responding by refocusing their marketing effort towards toddler milks. Furthermore, the increase in price of infant formula raises concerns that consumers may be purchasing more higher-priced specialty formulas.
Previous research has demonstrated that manufacturers have added n-3 fatty acids, prebiotics and probiotics to infant formulas to increase the retail price of their products (22, 23) , but these reformulations are not necessary for most infants.
These findings also support the need for countries to enact Code provisions that include toddler milks in their definition of BMS products covered, especially provisions prohibiting direct-to-consumer advertising of BMS. For example, 57 % of countries with Code provisions prohibit promotion of BMS to the general public, but (as noted earlier) just 16 % of countries regulate milk products for children up to 36 months under the Code (13) . The findings in the present study specifically evaluated the relationship between toddler milk sales and two forms of consumer promotion: TV advertising and retail promotions. However, other types of promotions that many countries currently prohibit for infant formulas, such as free samples and gifts and direct contact with mothers, may also affect sales of toddler milks. Furthermore, World Health Assembly Resolution 69·9 calls for bans on packaging and labelling of toddler milks that look similar to infant formula packages, which serves to cross-promote infant formula. Given the substantial increase in toddler milk advertising observed, such regulations may be increasingly necessary.
Additional research questions
Some findings warrant further investigation. County-level education predicted greater toddler milk sales, although education levels also predict higher breast-feeding rates (24) . This finding suggests that common marketing messages about benefits from toddler milks (e.g. cognitive development) may have greater appeal for more educated caregivers. Current TV advertising spending was not associated with brand-level sales in the same month, but cumulative advertising did predict long-term sales. This pattern has also been demonstrated in other product categories, such as liquid detergents and frozen food items (17, 25) . However, it is not clear why current TV advertising was associated with toddler milk sales for the total category. Evidence of potential WIC spillover effects on toddler milk brands also warrants further examination.
These findings also support the need for additional research to understand why sales of toddler milks are increasing and whether marketing messages lead caregivers to believe these products provide substantial benefits for their young children, despite public health concerns. The WHO has stated that marketing of toddler milks 'undermines progress on optimal infant and young child feeding' (10) . The American Academy of Family Physicians counsels against serving them due to the additional cost and the lack of evidence that they provide any advantages over plain whole milk for 1-to 2-year-olds; suggesting a multivitamin instead to provide any missing nutrients in toddlers' diets (26) . The American Heart Association does not recommend serving any added sugars (including the corn syrup solids in toddler milks) to children under the age of 2 years (8) .
Researchers have also documented messages used to market toddler milks on product packages and in advertising that could mislead or deceive caregivers to believe that they provide numerous benefits for toddlers' nutrition, cognitive development and growth (7, 9) . Furthermore, researchers have demonstrated substantial confusion about the ageappropriateness of toddler milks for infants due to crossbranding with manufacturers' infant formula brands and their lower cost (11, 27) . This confusion may result in caregivers providing toddler milks to infants under 12 months old, even though these products do not provide infants with the required nutrients for optimal development. Therefore, toddler milk advertising may also increase sales of infant formula offered by the same brand as a result of this cross-branding. Finally, manufacturers may also be enlisting health-care providers to promote toddler milks to their patients, such as by providing free samples or promotional materials in waiting rooms. Substantial research has documented the extent and negative impact of promoting infant formula through health-care providers and the health-care system (28) (29) (30) . Additional research is needed to examine whether these marketing practices are also commonly used to promote toddler milk.
Strengths and limitations
The model used in the present study has several advantages. It included current-period TV advertising, as well as carry-over effects from TV advertising goodwill stock, which reflects longer-term effects of advertising (17) . The model was also designed for panel data, which allowed us to control unobserved time-invariant heterogeneity in cross-sectional models, prevent omitted variable bias and obtain a more efficient estimator (31) . In addition, the Nielsen sales and advertising data are the same data used by US manufacturers to assess sales and marketing by their competitors (32) .
The research does have limitations. Sales of toddler milks in 2015 equates to 425 g (15 oz) of powder per capita (12-36-month-old children), or approximately 3 litres (100 fl. oz) of reconstituted product (12·5 × 237 ml (8 fl. oz) servings) for each US toddler. However, the sales data examined do not provide information about purchases by individual users. Future research is needed to assess how many caregivers are serving toddler milks, purchaser demographics and the age of the children drinking them, as well as the frequency and volume that products were served to individual children. In addition, the regression analysis does not allow for conclusions about a direct causal relationship between marketing and sales. The model also does not account for potential cross-promotion effects of advertising for infant formula that may influence sales of toddler formula for the same brand. Furthermore, this model is limited by the data available. For example, Nielsen scanner data only measure sales at physical retail locations. Therefore, this analysis could not measure purchases through online retailers and likely understates total sales of toddler milks. Similarly, the Nielsen advertising spending data only include company expenditures to place advertising in traditional media (primarily TV). These data do include advertisements purchased in digital media, such as display ads on YouTube, Facebook, Walmart.com or CafeMom.com, but these expenditures were low. However, formula companies have greatly expanded some forms of digital marketing in recent years that are not included in the advertising spending data (7) . Infant formula and toddler milk brands frequently compensate Mom bloggers to promote their products. In addition, they maintain active social media accounts on multiple platforms (e.g. Facebook, YouTube, Pinterest) (7) and post content that users spread virally to other members of their networks. These types of marketing can be very effective. For example, a Similac #EndMommyWars campaign in 2015 generated 4·5 million video views and 109 Mom blog posts (7) . However, public data are not available to measure these non-traditional forms of marketing, so they could not be included in our model.
Conclusions
There are several opportunities to address public health concerns raised by this rapid increase in toddler milk sales and associated marketing practices. These findings support the need for countries to incorporate marketing of toddler milks (i.e. growing-up milks) in regulations that prohibit direct-to-consumer BMS marketing under the Code, including TV advertising and retail promotions. In the USA, health-care and nutrition professional organizations could publish policy statements and provide clear guidance for parents about serving these products. Government agencies should also monitor serving of these products (e.g. through NHANES), set guidelines and goals for reducing their consumption (e.g. US Surgeon General or through the 2020-2025 Dietary Guidelines for Americans, which will include guidelines for infants and toddlers under the age of 2 years) (33) , and educate caregivers through nutrition education programmes (e.g. WIC, Supplemental Nutrition Assistance Program and Head Start). Potential regulatory solutions are also available in the USA. The US Food and Drug Administration should establish a statement of identity and other labelling requirements for toddler milks, to address consumer confusion about these products (9) . In addition, if future research confirms concerns that toddler milk claims and advertising mislead caregivers about their benefits for young children, the US Federal Trade Commission and state attorneys general could take action to address false, unfair and deceptive marketing practices (34) .
